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Abstract
Title of Dissertation: Blue Carbon Marine Habitats in Nigeria: Ecosystem
Services, Threat and Implications for Ecosystem-Based
Management
Degree:

Master of Science

There are widespread threats to the blue carbon habitat, specifically the mangroves,
seagrass meadows, and salt marshes. The ecological components were threatened by
different sectors. Particularly in Nigeria, the fishing, oil and gas, shipping, and
agricultural sectors have long been considered the most impactful sectors and human
activity on the marine ecosystem. This study identifies the pervasive high proportional
connectance, impact risk on the blue carbon habitat, through the oil and gas and
shipping sectors.
This study used two methods to understand human activities and pressures on blue
carbon habitat in Nigeria. First, a semi-structured interview with seven experts
identified threats from sectors and respective pressures on marine habitats in Nigeria.
Building on this information, and on literature review, an expert informed ODEMM
conceptual models were also used to link human activities from major sectors,
pressures, and impacts on mangroves, saltmarshes, and seagrass meadows.
Twenty-two pressures were identified of which most of them were attributed to oil and
gas exploration, and fisheries sectors. The analysis indicated litter, discharge of
synthetic compounds, and current changes as the pressures had the highest total risk
scores in the ODEMM analysis. The exercise helps to identify management priorities
and serves as a basis for decision-making in protecting Nigeria's blue carbon habitat.
Keywords: Blue Carbon Habitat, Climate Change, ODEMM, Risk Assessment
Anthropogenic pressures
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1.0

Introduction

Carbon sequestration and storage in mangroves, salt marshes, and seagrass meadows
has served as an essential coastal ‘blue carbon’ ecosystem service for climate change
mitigation and has helped to preserve coastal animals and species worldwide (Huxham
et al., 2019). Their protection has been enforced by many international organizations
(Di Vaio et al., 2019; Duarte et al., 2013; Lovelock & Duarte, 2019; Luisetti et al.,
2013; McLeod et al., 2011).
Nigeria's marine environment includes mangroves, seagrass meadows, lagoons,
estuaries, coastal wetlands, and sandy beaches (Benson, 2021). While these
ecosystems are seen as important global carbon sinks, their ecologically unique
qualities have been under-prioritized throughout the world including Nigeria (Marais
et al., 2014). These habitats can sequester three to four times more carbon than
terrestrial forests and are considered a key component of nature-based solutions to
climate change, ecosystem preservation, and enhanced food chain supply as well as
food security (Alongi, 2012; Hejnowicz et al., 2015; Martin et al., 2016; McLeod et
al., 2011; Quevedo et al., 2020; Taillardat et al., 2018). However, they have been lost
in some regions due to extant pressure from human activities and as well as excessive
discharge from the industries and a lack of policy to support their existence (Primavera
et al., 2018)
Blue carbon ecosystems are coastal ecosystems that supply organic carbon and help to
reduce natural disasters and anti-coastal erosion. They also help in carbon
sequestration through their sediments and biomass (Sidik et al., 2019). They give
protection to the atmosphere and ocean through their sediment carbon stocks and help
to mitigate climate change and maintain the health of marine ecosystems (Greiner et
al., 2013). Mangroves are tropical trees that fight against climate change. They
withstand conditions in which most timbers could not through their interminable ebb,
flow of the tide, and shrubs. These characteristics also give them the capacity to store
vast amounts of carbon, serving as climate change mitigation (Taillardat et al.,
2018). Mangroves help to filter pollutants from land runoff and maintain water
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salinity in coastal areas, thus their role in carbon sequestration is significant.
According to (Menéndez et al., 2020; Sidik et al., 2019) mangroves are the only
species of trees in the world that can tolerate salt water.
Experts have found mangroves’ waxy leaves as a strategy for dealing with toxic levels
of salt and help to maintain healthy coastal marine water quality and protection against
storms, floods, and erosion. The underwater habitat with its roots provides critical
nursing environments for fishes (Dicen et al., 2009). The largest amount of mangrove
coverage in any single country can be found in Indonesia, (Nordhaus et al., 2009). A
collection of mangrove forest can also be found in Nigeria, West Africa, and all over
the tropical and subtropical areas of the world including Brazil, Malaysia, Papua New
Guinea, Mexico, and Australia (Espinoza-Tenorio et al., 2019; Friess et al., 2019;
Himes-Cornell et al., 2018).
Apart from mangroves, there are other prolific sequesters of carbon dioxide (CO2)
with strong contributions to the climate change mitigation and stabilization of the
sediments on the seafloor like seagrass. Seagrass communities are home to a wide
range of critters and form part of ecosystem life cycles given protections for pink
shrimp, lobster, redfish, and stone crab. Like Mangroves, seagrass also filters
pollutants, absorbs excess nutrients from river runoff, and helps to trap sediments,
thereby increasing the clarity and quality of waters (Costa et al., 2020).
Both mangroves and seagrasses play a significant role in holding down the ground.
For example, the roots of mangroves help absorb the pressure from waves and also
prevent shoreline erosion while seagrass meadow provides additional support by
stabilizing the sediments on the seafloor. Seagrass is also an important blue carbon
habitat as they provide food and shelter to a range of fish and marine invertebrates.
According to the Florida Keys National Marine Sanctuary, seagrass beds supported
stone crab, spiny lobster, shrimp, and other blue crab harvests species worth $13.9
million yearly, (NOAA, 2015). According to Costa et al. (2020), they are a biological
productivity component and serve as an important food source for various organisms
like marine turtles, animals, and fish.
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Salt marshes or Tidal marshes are also blue carbon habitat that help to shelter intense
wave activity and protect shorelines from erosion by trapping sediments (Shi-lun & Jiyu, 1995). They also help in salt accumulation, and carbon sequestration (QuintanaAlcantara, 2014). They are generally found in coastal wetlands worldwide particularly
in middle to high latitudes. As a feature of these ecosystems, their presences are
important for healthy fisheries, coastlines, and communities. They also provide
essential food and serve as a refuge or nursery for habitats like fisheries species,
including shrimp, blue crab, and many finfish (NOAA, 2015). Despite these important
ecosystem services, they face serious threats from human activities.

1.1

Threats to the Blue Carbon Ecosystem Habitats

Blue carbon habitat are constantly degraded and this causes them to lose their carbon
sink capacity (Lovelock & Duarte, 2019; McLeod et al., 2011; Primavera et al., 2018).
Their loss contributes to emissions of CO2 that drives climate change globally today.
For instance, the global average atmospheric CO2 concentration rose to 409.8 parts per
million (ppm) in 2019, meaning that CO2 levels rose higher beyond any point it has
been historically in at least the past 800,000 years (Serrano, Kelleyway, Lovelock, &
Lavery, 2019).
According to the Global Climatic Reports, the temperature anomaly was the 12th
highest on record affecting both the global ocean surface and land temperature
(NOAA, 2021).
Marine species may not be able to cope with the rising CO2 levels in oceans. Experts
have suggested it may change the adaptation of fish and other aquatic animals.
Recently, (NOAA, 2021) revealed that more than 90% of the excess CO2 is being
released into the atmosphere, a condition that will affect the behaviours of aquatic
animals, meaning several fish species could be at risk of collapsing due to constant
threats to the blue carbon habitat and resulting climate change (Ghosh et al., 2020).
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According to (Bertram et al., 2021), the carbon sequestration and storage in blue
carbon habitat contributes to blue carbon wealth. However, large amounts of blue
carbon ecosystems are being lost to deforestation, aquaculture, marine pollution,
industrial and urban coastal development (Sahu et al., 2015). According to the study,
the loss is gradually responsible for the reduction of fish and shellfish and even
elevated CO2, (Taillardat et al., 2018). For instance, the earth’s seagrass meadow that
supported an estimated $13.9 million fish species annually has been lost leading to
rapid changes in Fauna and loss of carbon. According to (Numbere, 2019), between
30-50% of mangroves have been lost globally in the last 50 years exposing aquatic
species to temperature and loss of their sediment carbon stocks.
The scale of mangrove loss in West Africa and Nigeria is high (Numbere, 2019; Wang
et al., 2016). According to the (NOAA, 2021) mangroves, forests are constantly
threatened in Africa. (Bryan et al., 2020; Friess et al., 2019) described the world's
mangrove losses to development, aquaculture, eco-tourism, and over-exploitation, the
statistic found 62% of the loss to human causes, including farming and aquaculture.
The West African region contains about 1.97 million hectares of mangroves, 4.8
million Seagrasses, and 1.1 million Salt marshes. Nigeria contains close to 52% of the
total Mangroves with an estimated mangrove area covering 10,515 Km2, making about
5.8% of the world's total mangrove area.
However, the important ecosystem is gradually diminishing in the Niger Delta region
due to deforestation and degradation (Bryan et al., 2020; Chima & Larinde, 2016;
Martin et al., 2016). While coastal ecosystems like mangrove forests, seaweedseagrass beds, and coral reefs are used to help in carbon sequestration and give natural
coastal resources sustainable habitats for growth, direct and indirect pressure from
human activities are adversely causing loss and threats to the blue carbon habitat (Hai
et al., 2020). According to Bryan et al. (2020), blue carbon habitat is being threatened
by climate action linked to direct and indirect human activities. Direct human activities
mentioned include deforestation, pollution, alterations in freshwater management and
industrial waste discharge also threatens the resilience of the coastal ecosystem.
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Elekwachi et al., (2009) mentioned oil pollution spill and wetlands loss in the coastal
region; agriculture practice, land use, and upstream development have implications for
sustainable blue carbon habitat development.

1.1.1 Direct and Indirect Threats to Blue Carbon Ecosystems in Nigeria
Nigeria is home to the largest mangrove forests in Africa, followed by Mozambique,
and the region where blue carbon habitat is preserved serves as a moderator of fossil
fuel emissions. In 2014, mangroves saved more than 1% of national fossil fuel
emissions in Nigeria, Bangladesh, and Colombia (Taillardat et al., 2018). Nigeria is
rich in different ecological forests including freshwater zone, lowland rainforest zone,
coastal inland, and mangrove swamp forest, and the largest mangrove area in Africa
(Numbere, 2019; Onyena & Sam, 2020). According to (Himes-Cornell et al., 2018),
the largest mangrove forest in Africa cut across 11,134km2, and Nigeria is said to be
the third-largest wetland in the world.
Direct pressure from human activities like land use, ocean extraction and green gas
emission contributes 70% of the ecological damage and loss of blue carbon habitat in
Nigeria (Numbere, 2019). Habitat specialists like mangroves forests that grow along
Nigerian coastal regions are being lost at critical rates due to development along
coastal lines (Friess et al., 2019). Over half of the mangrove forests in Nigeria have
been cleared and some species sent to extinction due to landscape reclamation and
coastal development in the Niger Delta, Nigeria (Numbere, 2020). Other pressures
cited are related to urban-industrial expansion, crude oil, and hydrological changes in
watersheds (Okonkwo, Kumar, & Taylor, 2015).
Indirect pressure also from human activities is human-induced Greenhouse gases
(GHG) emissions. According to (Gilbert, 2012), one-third of human-induced
greenhouse gas emissions come from agriculture, fertilizer manufacture, and gases that
humans emit directly in significant quantities such as CO2 and other anthropogenic
emissions (Hejnowicz et al., 2015; Marais et al., 2014). The use of fossil fuels,
activities from oil and gas, and deforestation are significant and direct pressures from
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human activities undermining the existence of the blue carbon habitat (Friess et al.,
2019; Onyena & Sam, 2020).

1.1.2 Ecosystem-based Marine Management Approaches

Ecosystem-based approaches involve a wide range of ecosystem management
activities, (Hartman, 2018). Several definitions are given for Ecosystem-Based
Management (EBM), but in general, this could be understood as “an integrated
approach to management that considers the health of the ecosystem, and human’s
activities on them. The goal of EBM is to protect and restore the salinity of the
ecosystem, reduce the vulnerability of the ecosystem and protect the environment, at
the same time than providing the services that humans need. The approach considers
how people deal with the ecosystem that subsequently causes climate variability
(Thornton, Ericksen, Herrero, & Challinor, 2014). Several studies have discussed
strategic ecosystem management which involves a conservative and restorative plan
(Benson, 2021; Kelleway et al., 2020).
For instance, the challenges that climate change poses for marine ecosystems have
made Australia use scientific-based EBM to inform conservation management. Many
species and habitats are already under threat from human activities, causing
considerable loss of blue carbon and climate change. In particular, the country
responded to marine ecosystems loss and climate change by adapting conservation
management, (Johnson & Holbrook, 2014).
Conservation and restoration of the terrestrial forests have been debated at the
International Climate Change Mitigation Committee, (UNFCCC). Arguments from
the committee include a global policy to reduce emissions affecting blue carbon
habitat, deforestation, and mitigate CO2 emissions through biosequestration
(Matthiasdottir et al., 2010; Pauw et al., 2019). Other control measures were proposed
at the UN Intergovernmental Panel on Climate Change; (IPCC, 2014). Some of the
measures include adaptation and mitigation. Based on the IPCC Supplement for a
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national approach to greenhouse gas abatement and blue carbon management
(Kelleway et al., 2020), a Verified Carbon Standard VM0033 protocol has been
proposed. The Carbon Verification Standard (VM0033) is the world's first method
applicable to coastal wetland restoration activities and provides project developers
with the necessary agreements to generate wetland carbon credits.

1.2

Options for Delivering Ecosystem-based Marine Management

(ODEMM)
It is becoming increasingly common to use EBM tools to deal with the impacts created
by the increasing human use of the marine environment (Böhnke-Henrichs et al., 2013;
Raakjær & van Tatenhove, 2014; Robinson et al., 2014). One of these tools is tools is
ODEMM, which is being used particularly in coastal and marine environments
(Culhane, Robinson, & Lillebo, 2020; Robinson et al., 2014) The ODEMM approach
is a qualitative risk analysis tool that can be used to identify the links between human
use, ecological state, and ecosystem services; it also identifies the immense complex
array of factors that account for threats to the ecosystem. ODEMM has developed an
approach including a series of resources that can be used for EBM and support
decision-makers who intend to manage resources under an EBM approach.

The ODEMM approach can be used to assess the ecological consequences of marine
management, create, appraise and choose management options (Salihoğlu,
2013). Pedreschi et al., (2019) used the approach to trace the sectors affecting the
marine environment, the pressures coming from different sectors, and the ecological
characteristics being affected in the Irish Sea. The approach provides a flexible
integrated ecosystem assessment from the scientists’ and ocean users’ perspectives.
The ODEMM approach was discussed in (Pedreschi et al., 2019; Robinson et al., 2014;
Salihoğlu, 2013; White et al., 2013), used as the linkages between states of ecological
components and supply of ecosystem services approach that would make EBM
operational. Thus with the ODEMM framework, it is possible to examine changes in
the ecosystem components.
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The ODEMM approach develops risk assessments that can be utilised to bring up
management options and a comprehensive knowledge base to support policy for the
conservation of the blue carbon ecosystem. It can be used to derive a conceptual
framework that could be used to harness blue carbon ecosystem services. In this
thesis, Options for Delivering Ecosystem-based Marine Management (ODEMM) is
used to get an overview of the main sectors that exert pressures on blue carbon habitat,
and which pressures affect the ecosystem the most.

1.3

Aim and Objectives

This study aims to empirically identify the activities that impact the maintenance of
blue carbon habitats in Nigeria, and based on the ODEMM approach, it develops a
conceptual model that links pressures to the blue carbon habitats. The overarching
objective of the study is to support the sustainable development of blue carbon
habitats, including conservation and restoration activities Primary objectives of the
study are:
1. To identify the human activities happening in the coastal areas where
mangrove, salt marsh, and seagrass (i.e. blue carbon habitat) are found in
Nigeria.
2. To identify the specific sectoral benefits from the blue carbon habitat
(including mangrove, salt marsh, and seagrass) in Nigeria.
3. To identify how these habitats are currently being used by people and identify
the possible threats from human activities?
4. To identify any sectoral activities or restoration activities for the maintenance
of blue carbon habitat.
5. To develop a conceptual model that links ecosystem pressure to the ecosystem
components using the ODEMM approach.
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2.0

Materials and Methods

The overall approach to the study began by framing the research questions related to
the subject area, then identifying relevant literature which consists of criteria
development and search for articles related to the keywords: Blue Carbon habitats in
Nigeria, threats to ecosystem services, the implication for ecosystem-based
management and survey of most mangrove rich countries and their conservation plan.
The study summarizes the findings that led to the collection of empirical data. Which
were obtained through the ODEMM workshop.

2.1

Study Area

In this study, in addition to a literature review, I used two main methods to understand
links between human activities and blue carbon habitat. First, I used semi-structured
interviews with experts across academia, and professionals from the state, and federal
governments, and non-government organizations. I also carried out an expert
workshop on Options for Delivering Ecosystem-based Marine Management
(ODEMM), (Elliott et al., 2018; O’Higgins, Lago, & DeWitt, 2020; Pedreschi et al.,
2019). The key objectives of the workshop were to share expert views on the links
between sectors, human activities, and pressures on blue carbon habitat in coastal
wetlands in the Niger Delta Region, as shown in Figure 1.
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Figure 1. Geographical area covered in this study, and indicating the Niger Delta and
the coastal vegetation zones (Okonkwo et al., 2015)
2.2

Interview Method

The study adopted a qualitative research method and the use of semi-structured
interviews to empirically identify pressures affecting the blue carbon habitat in Nigeria
and where the pressures mainly come from. The qualitative method provides a medium
to build rapport with the interviewees. The intensive or in-depth interviews according
to Yin, (2017), helps to identify how people are using the ecosystem. The interview
was conducted using semi-structured questions tailored to the research topic, where
the interview was composed of open-ended questions.

2.3

Interview Design and Questions

I designed open-ended questions to enable more time and space for experts to share
more details about their experiences. I began the interview with a conversation with
the interviewees and briefly presentating the guide that contained all the questions. I
contacted the experts from different organizations and institutions in Nigeria via
mobile phone and my WMU Gmail account. I requested the experts that replied to
book an appointment at their convenient date and time. I conducted most of the
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interviews via Zoom online between June and August 2021. I interviewed the
participants in the English language and took notes during each interview to ensure
data collection efficiency, consistency, and quality across interviews. Each interview
was scheduled and did not last longer than 40 minutes. The following list of interview
questions is contained in the Interview guide:
Section A questions:
Organization:
Area of Expertise:
Years of Experience:
Section B questions:
1. What human activities are happening in the mapped areas for mangrove, salt
marsh, and seagrass (i.e. blue carbon habitat)?
2. How does your sector (fisheries, Agriculture, Shipping) or community benefit
from mangrove, salt marsh, or seagrass areas (i.e. blue carbon habitat) in
Nigeria
3. Are you aware of any human activities that interfere with the benefits you
receive from these habitats?
4. Are you aware of any sector or community that is planning any restoration
activities on these habitats and locations in the future? What are the sectoral
plans?
5. How can an ODEMM conceptual model help to support an understanding of
links between sectors, human activities, pressures, and blue carbon ecosystem
components in Nigeria?
6. Is there something you would like to comment on that is important for this
research topic that we didn’t get a chance to discuss?
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2.4

Ethical Considerations

The interview has been approved by the WMU Research Ethics Committee (REC).
After which I sent the interview details and consent form to target participants
(Appendix B). I interviewed those participants that indicated their acceptance and
understanding of the purpose of the research as well as acknowledging the scheduled
appointment via email. As an important ethical consideration in research, I kept the
identities of the interested participants anonymous during and after the study.
Therefore, the interviewee was identified as an Expert: E1, E2, E3, E4, and so on in
the following text. Furthermore, I collected data from the experts and ensured that the
data would not be shared without their consent.

2.5

Sampling Strategies and Population

The study was conducted based on the availability of respondents. To achieve a
representative sample, I defined a population of interest that involved representatives
from eight (8) major backgrounds including academia, community leaders,
professionals, and experts with first-hand experience about issues surrounding the
coastal areas. However, to avoid a sample error, I also recruited interviewees via a
snowball sampling method. According to (Flick, 2018), the Snowball sampling
technique is also known as a non-probability sampling technique that entails existing
participants will provide referrals to recruit another expert based on their relevance to
the research topic. At the end of the interview process, I briefed the participants and
requested them to attend the ODEMM workshop which is further detailed in the next
section. The demographic details of the participants are summarized in Table 1.
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Table 1. List of Interview Experts, their code names, dates of interviews, area of
expertise (including duration of work in EBM, and organization), and duration
interviews.

2.6

Method of Interview Data Analysis

I transcribed and analysed the qualitative data using thematic analysis and closely
examined the common themes based on participants’ submissions. I coded the themes
and, views that were brought up repeatedly by the stakeholders for analysis. For
example, popular themes related to pressure and the sectors responsible and most
vulnerable habitats, and where the threats are happening, or the blue growth plans
mentioned were coded. I used the existing knowledge from the literature to deduce
some of these preconceived themes. I counted the number of times certain themes were
mentioned and certain viewpoints expressed. I then analysed the data using thematic
analysis.

22

2.7

Thematic Coding of Themes

The qualitative analyses are linked by a common theme that allows the researchers to
index the text into categories and therefore establish a “framework of thematic ideas
about it. Based on the question asked, I noted the significant bits of information and
then reconstructed the experts' comments. This was achieved by coding some of the
responses to meet up with the space of time. Coding according to (Elliott, 2018) is the
act of highlighting parts of the interview text, including phrases and sentences while
taking notes. It assists with details that would be hard to remember if not put down.
2.8

The ODEMM Method

The ODEMM method is an approach or tool that can be used to identify links between
human activities in sectors, pressures, and ecosystem components as they were
collected during the expert interview. The approach proved a valuable exercise for
identifying management priorities for blue carbon habitat. The ODEMM framework
was adopted from Pedeschi et al., (2019) to achieve a comprehensive tool to guide
ecosystem management and the decision-making process, risk areas including
pressure, and most affected blue carbon habitat were identified, and priorities for the
development of a proposed blue carbon habitat restoration and conservation model.
An expert workshop was conducted as a follow-up to the interview. The seven of the
interviewees took part in this workshop.
2.9

Steps of ODEMM Linkage Framework

Linkage framework is said to be the network of elements found in a system, with links
representing the interaction between the elements. In terms of ecosystem-based
management, these elements can be defined as the sectors, pressures, or blue carbon
ecosystem components. For example, the interaction between how pressures are
attributed to sectors or which blue carbon ecosystem components are linked to human
activities through their pressures. The first stage of building up a linkage framework
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consists of the sectors-pressures-blue carbon habitat. While the second stage involves
the pressure assessment.

2.9.1 Sectors
It has been identified that the blue carbon habitat are highly disturbed, and the
consequence is reducing their capacity to mitigate climate change. However, sectors
contribute to the uncertainties and according to (Knights, Koss, & Robinson, 2013),
the blue carbon habitat are heavily disturbed by sectoral activities. This study identifies
the sectors impacting blue carbon habitat. According to, (Benson, 2021), prioritizes 4
sectors; agriculture, fisheries, oil, and gas exploration, and shipping are the most
frequent disturbance to the blue carbon habitat. This study also prioritizes these
sectors.
2.9.2 Pressure
There are threats to coastal wetlands in Nigeria including other blue carbon habitat.
The pressure was defined as threats and these are activities that degrade coastal
wetlands in Nigeria. The pressure was described as “the mechanism through which
sectoral or human activities affect any part of the ecosystem” (White et al., 2013).
Examples of them are pollution from crude oil, climate change, invasive substances,
dredging which cause saltwater intrusion, (Onyena & Sam, 2020), these pressures and
many others are threatening coastal system stabilization of the Niger Delta region in
Nigeria. In the study, the ODEMM scale focuses on 22 pressures which it was adopted
from (Pedeschi et al.,2019) that are controllable in Nigeria’s Exclusive Economic Zone
except for climate change.
Climate change is not explicitly considered in ODEMM because pressures from
climate change arise largely outside the local system (it is mostly exogenous) and
therefore local management actions have a smaller impact on the ecosystem
components. In other words, climate change needs to be managed on a global scale.
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Moreover, pressures from climate change are also too complex and multifaceted to
incorporate in a framework such as ODEMM which deals with direct pressures only.
2.9.3

Blue carbon habitat

There are 3 important Blue carbon habitat found in Nigeria are coastal wetlands such
as mangroves, tidal and salt marshes, and seagrasses. They are highly productive
ecosystems with significant environmental, social, and economic importance.
2.10 First Stage of Linkage Framework on ODEMM
The first step in the assessment was to develop an ODEMM linkage framework which
comprises 22 pressures associated with 4 sectors (mentioned earlier) with their
definitions. In the ODEMM workshop, the same experts brainstormed and had an
interactive exercise where a scoring matrix was produced from their first-hand
knowledge to outline which pressures are attributed to the sector by indicating an X
on the ODEMM linkage framework sheet (see Appendix C). This same exercise also
was conducted using other different variables which indicated the 22 pressures
impacting on blue carbon habitat with their definitions and using the linkage
framework sheet (see Appendix D).
2.11

Second Stage on Pressure Assessment

2.11.1 Components of the ODEMM Pressure Assessment Template
The ODEMM pressure assessment template is attached as appendix E. The template
consists of eight components, the pressures, sectors, and blue carbon habitat which has
been mentioned earlier, including the spatial extent. Frequency, Degree of impact,
impact risk, and Impact ranks.
In the ODEMM approach, pressure assessment is a qualitative expert judgment scoring
approach that indicates a list of all the 4 sectors that are connected with 22 pressures
and 3 blue carbon habitats continuously to build up 264 links. I then requested the
experts to assist in identifying the extent of overlap (identified linkage chain from the
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sector-pressure-blue carbon habitat sheets) and rank the vulnerability of certain
ecosystem components to pressures from particular sectors by using the scoring
categories which comprise 3 indicators; spatial extent, frequency and degree of impact
(see appendix F). A similar pressure assessment has been conducted using a sectorpressure combination on the ecological component (White et al., 2013). The following
are the descriptions of the scoring categories. For each linkage chain (sector-pressureblue carbon habitat) in the pressure assessment, scores must be inserted for each spatial
extent, frequency, and degree of impact.

2.11.2 Spatial Extent
Spatial Extent is the first scoring category in the Pressure Assessment. It refers to the
spatial overlap between the sector or (pressure if it is indicated) and the ecosystem
components. It involves knowledge of expertise to identify the activities in an
ecoregion
(Robinson et al., 2014). The scale of spatial overlap/extent between sector-pressureblue carbon habitat regardless of how often it occurs is computed using 4 categories
namely:
a) NO – refers to No Overlap and is of no further concern
b) Site (>0 – 5% overlap)
c) Local (5 – 50%)
d) Widespread (1%)
2.11.3

Frequency

The frequency with which the pressures related to a particular sector within a given
year overlaps with the ecological characteristics that are assessed (Robinson et al.,
2014). The frequency is the timing of the interaction (i.e. between a given sector,
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pressure, and characteristics pathway). The frequency scale was computed based on
the magnitude of the interaction using four categories namely:
a) Rare - Occurs in 1 month per year)
b) Occasional - Occurs in 4 months per year)
c) Common - Occurs in 8 months per year)
d) Persistent - Occurs every month of the year)

2.11.4 Degree of Impact
The degree of impact is the total sensitivity of an ecological characteristic to pressure
regardless of extent or frequency. The generic severity in terms of likely degree of
impact of any interaction between sector and pressure interaction with ecological
components in the ODEMM pressure assessment (Robinson et al., 2014). The DOI
was measured using three scales, (low 0.01), does not lead to extreme habitat loss,
(Chronic 0.13) (see Appendix F), an impact with detrimental consequences. It occurs
often at a high level. (Acute 1). A severe impact over a short duration. This causes
immediate changes in the ecosystem's characteristics.

2.11.5

Impact Risk

Following the guidelines provided in the ODEMM guidance documents and published
papers see (Knights et al., 2013; Robinson et al., 2014; White et al., 2013), the scores
from the pressure assessment table were combined to give the impact risk. The Impact
Risk is the combination of scores from the spatial extent, frequency, and severity
criteria. This risk score is the result of a relatively large number of impact chains that
are attributed to a particular sector. Where there is a greater Impact Risk score, the
threat to that component is high. The Impact risk was calculated as by the product of
spatial extent, frequency, and degree of impact scores.
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2.11.6

Impact Ranking

The impact of the pressure on the ecosystem was ranked based on their acute or chronic
severity. For instance, the ecological component that has a high impact has the
following assumptions: (1) Threat can be higher and management potential may be
lower. (2) Threats can be higher and the sectors posing the greatest impact risk can be
greater than any other sector.
To complete the pressure assessment, expert judgment is used to categorize the criteria
including the total extent of pressure (a) from the sector (1) where there is overlap with
ecological component (x), the degree of impact of pressure (b) from the sector (1) on
ecological component (y) and where they interact. The sum and the means were
computed to determine the impact ranking (see Appendix C).

2.12

Analysis and Interpretation of the ODEMM Pressure Assessment

At this stage, the Pressure Assessment spreadsheet would be scored using the expert
assessment spreadsheets (sectors versus pressures and Pressure versus habitats) and
the ecological risk assessment sheet to insert the data. The completed Pressure
Assessment spreadsheet was then analyzed using R software version 4.03 (R Core
Team, 2020) to develop an ODEMM Horrendogram. This R software is a statistical
computing and graphics programming language that allows you to analyse and plots
(graph) data.

2.12.1

Horrendogram

The Horrendogram is a conceptual model that indicates a list of all relevant ecosystem
components related to policies, sectors, pressures, and blue carbon habitat, as well as
the causal relationships between them, to obtain a fully interconnected ecosystem. This
involves a series of complex influence chains. For example, the Horrendogram
indicates all possible links of sectoral-pressures-blue carbon habitat in Nigeria’s EEZ.
Other tools (such as ODEMM Pressure assessment) can then be used to measure the
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connections between each element to help determine management priorities. A series
of the simplicity of a Horrendogram is displayed in the next chapter.
3.0

Results

3.1

Stakeholders Interviewed

A total number of seven interviews were conducted between June and August 2021
with the following stakeholders coded as E1, E2, E3, and E4, etc. Many of them are
academic lecturers and experts in Urban Hydrology, climate change, transportation,
Inland Waterways Management, and Environmental Geography. All of them are
experienced in coastal zone management, spatial planning.

3.1.1

Activities within the Coastal Areas

Out of 7 experts in this study, 3 experts were quick to note that tremendous changes
have occurred recently and mentioned the activities causing the changes.
E2, E3, and E5 stated that “the areas where these habitats are located rivaled with
activities involving constructions, dredging, and deforestation at an indiscriminate
level. Though the theme was used and expressed differently. Most of the experts
specifically referred to blue carbon habitat destruction and degradation”.
Some experts (E1, E4) mentioned that “several species of over 100 species of fishes
found in the coastal wetland have been affected”. Experts (E5, E6) stated that “coastal
wetlands such as estuaries and mangroves have been destroyed due to oil spill
incidents. A probe into factors surrounding this threat revealed activities from
Constructions, dredging, deforestation, wetland reclamation, Oil exploration, and oil
production activities”.
E1, E3, E4, E6, and E7 stated that agricultural and domestic activities lead to the
extraction of mangroves forests for commercial use (firewood and charcoal). Fishing
activities were also mentioned by the experts as shown in Table 2.
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Table 2. Extract of themes from Question 1. Comments that are reiterated from
corresponding Experts were highlighted using the same colour theme
Question 1

Common Themes

What activities are

Constructions, dredging,

happening in the

deforestation, and

mapped areas where

Fishing

Which

Common themes

Experts

and effect

E2, E3, and
E5

Ecosystem
Destruction, and

mangrove, salt marsh,
and seagrass are found

Blue Carbon

Degradation
Wetland reclamation,

E1, E4, E5

Oil exploration, and

and E6

Oil production activities E1, E3, E4,
E6 and E7

3.1.2

Sectoral Benefits from the Blue carbon habitat

According to the experts, the region is extremely rich in aquatic resources with high
diversity and abundance of 100 species of fish and other blue carbon habitat making it
a key zone of ecological development. Apart from their local and international
importance, the study probed the contributions of the mentioned sectors to the people's
livelihood and well-being.
3.1.2.1 The Fishing Sector
The presence of the blue carbon habitat, especially the mangroves serves as tents for
the fish, hence increasing the fish population. According to the experts, E1, E3
revealed that the areas have supported millions of fish species hence creating job
opportunities for the community.
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E3 and E6 mentioned that “mangroves were noted to benefit aquatic health species
including enhancing small-scale commercial fishing activities in the area. The
abundance of mangroves contributed to the fish and crabs population”.
According to E5, this area serves as a reservoir for fishermen even though the
mangroves are rapidly disappearing unlike before.
The environments have enhanced the sustainable production of fish and the
community derived many economic benefits, including the fish farmers and the
seafood industries. According to the experts, harvesters, processors, dealers,
wholesalers, and retailers of fish have increased in the area, thus providing jobs across
the entire economy of the community.
Table 3. Extract of themes on Benefits from Fishing Sector. Comments that are
reiterated from corresponding Experts were highlighted using the same colour theme
Question 2

Common

Which

Common themes

Themes / Sectors Experts

and effect

How does the sector (fisheries,

Fishing:

Increase in small-

Agriculture, Shipping, Oil and

Mangroves

Gas Exploration etc.) benefit

attract fish

from the mangrove, salt marsh,

populations and

or seagrass areas (i.e. blue

other aquatic

carbon habitat)?

species.

E1, E3,
E5, and
E6

scale commercial
fishing activities.
sustainable
production of fish

Fish Population

E5, E6,

attracts jobs to

E7, E4

people.

3.1.2.2

Agricultural sector

According to the experts, the sectors have benefited the smallholder farmers likewise
improving resilient agriculture. Mangroves have been exploited by both agricultural
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sectors and shipping sectors for timbers, fuel-wood for cooking and heating, and
building dwellings and boats respectively. Mangroves naturally help prevent erosion
by stabilizing sediments with their tangled roots. Hence improving the livelihoods of
the farmers in the local community.
According to the experts, (E3, E4, and E6. E7) stated that “mangroves are more
important to the fisheries sectors. Environmentally, agriculture has been more stable
within the blue carbon habitat domiciles”. Fish farming has increased”.
According to (E4,) the habitats prevent harsh environmental conditions for farmers’’
and protective services for farmers.
Table 4. Extract of themes on Benefits from Agriculture Sector. Comments that are
reiterated from corresponding Experts were highlighted using the same colour theme
Question 2

How does the sector
(fisheries, Agriculture,
Shipping, oil and Gas
Exploration etc.) benefit
from the mangrove, salt
marsh, or seagrass areas
(i.e. blue carbon habitat)?

Common

Which

Common themes

Themes / Sectors

Experts

and effect

Agriculture:

(E3, E4, Agriculture has

Improving resilient

E6

agriculture,

E7)

and been more stable
within the Blue

livelihoods of the

Carbon

farmers in the local

Ecosystem

community.

domiciles

Extracting
mangroves
for timbers, fuelwood used for
cooking and
building dwellings
and boats.

32

E1, E5,

Enhance agriculture

E7

and prevent erosion

3.1.2.3

Shipping Sectors

Also, shipping activities have impacted the growth of the mangrove. Because they are
resistant to rot they were used to construct jetties and other submerged structures in
the riverine areas. Thus this has improved locals' capacity development in the building
of boats and repairs during fishing activities.

Table 5. Extract of themes on Benefits from the Shipping Sector. Comments that are
reiterated from corresponding Experts were highlighted using the same colour theme
Question 2

Common
Themes / Sectors

How does the
sector (fisheries,
Agriculture,
Shipping, etc.)
benefit from the
mangrove, salt
marsh, or
seagrass areas
(i.e. blue carbon
habitat)?

Shipping:

3.1.2.4

Which
Experts

Common themes and
effect
Development in the

Shipping activities have
impacted the growth of
mangroves.
However, they are
often used to construct
jetties and other
submerged structures in
the riverine areas

E5. E6,

construction of jetties and
other submerged

and E4,

structures in the riverine
areas.

Oil and Gas Exploration Sectors

The coastal areas have attracted many international oil companies that explore
petroleum and refine chemical products. Capacity development has been improved
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and spread across local communities and subsequently improving the livelihoods of
the people within the coastal area. However, the experts made us understand the
challenges and opportunities from these sectoral activities. The challenges posed by
these sectors, and the risks connected to the growth of the blue carbon habitat, are farreaching and complex. For instance, oil spills and other types of pollutants from the
oil and gas sectors have been mentioned to cause tremendous damage to mangroves
thus releasing large amounts of carbon dioxide into the atmosphere, arising from the
destruction of their biomass.
Table 6. Extract of themes on Benefits from Oil and Gas Sector. Comments that are
reiterated from corresponding Experts were highlighted using the same colour theme
Question 2

Common

Which

Common

Themes / Sectors

Experts

themes and
effect

How does the sector

Oil and Gas:

E1,

mentioned (fisheries,

Present of many

Agriculture, Shipping,

international oil

affects marine

etc.) benefit from the

companies. Job

habitats

mangrove, salt marsh, or

Opportunities and

seagrass areas (i.e. blue

capacity development

E2,

Oil and Gas
Industry

carbon habitat)?

3.2.3 Awareness of any human activities interfering with the benefits received
from these habitats
Human activities interfering with the blue carbon habitat expressed by the experts are
related to constructions, agriculture, shipping navigation, and industrial activities;
however, these activities have resulted in the loss of coastal habitats and degrade their
ability to adapt to harsh conditions like absorption of toxic substances.
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The experts, (E5, E3. E7) mentioned that “serious habitat degradation is evident in
the region in particular to mangroves whereby farmers chop down mangroves for
charcoal and timber while mangrove wood is used for building, fencing, and
charcoal”.
According to the experts, (E6 and E7), the region has lost more than half of its
wetlands and mangroves, farmers have lost their supplies and markets, farming
activities have been disrupted by crude oil spillage. This corroborated the (UNEP,
2019) findings on climate change and environmental degradation. Based on the
expert’s opinion, agricultural and industrial gas emissions are given less than what
they are taking. Their excess oil spill incidents at different times have affected the
fragile ecosystem and biodiversity.
Table 7. Extract of themes from Question 2. Highlight indicates comments that are
reiterated from corresponding Experts using the same colour theme
Question 2

Common

Which

Common

Themes / Sectors

Experts

themes and
effect

Are the community aware
of any human activities
that interfere with the

Many of the
communities are
aware of serious
habitat degradation

(E5, E6.

The associated

E7)

impacts of oil
spills in

benefits received from
them and the Sectors?

mangrove
They get less than
what the sectors are
given

E3 and E7

The Community is
E6, E7,
aware of reported
cases of crude oil
spillage, with an
estimated 2.8 million
barrels of oil
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vegetation is
well known

released into the
inland and coastal
waters.

3.2.4 Sectoral plans for the Restoration of the Ecosystem Coastal habitats in
Nigeria
According to the literature (Edwards et al., 2013; Reid, 2019; Thérivel & González,
2021), conserving and restoring coastal habitat are global options to ensure blue carbon
habitat growth and adaptability. However, the blue carbon habitat face increasing
pressures as activities within the ocean and coastal areas intensify.
According to (E1, E6, E7. E2), “management and conservation activities are low.
Thus, Habitat Conservation Programs are federal programs launched to preserve the
natural attributes of specific areas. Inefficient regulation can be sensed by some
federal and state agencies in Nigeria like the Niger Delta Development Commission,
Nigerian Maritime Administration and Safety Agency, Federal and State Ministries of
the Environment have instigated several conflicting policies. However, the programs
are not strong due to a lack of monitoring, assessment, and financing”.
3.3 Result of the ODEMM Pressure Assessment
3.3.1 Pressures results from fishing sector
Pressure from the fisheries sector is high having 12 links impacting the blue carbon
habitat (mangroves, saltmarshes, and seagrass meadow). Significant pressures coming
from these sectors are overfishing (species extraction) causing incidences of loss of
species, current charges, discharge of organic matter and compounds, see (Figures 2,
3, and 4).
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Figure 2 Linkages from the Fisheries sector. The red lines are pressures
associated with the fisheries sector and the grey lines are pressures from other sectors
which affects the mangroves habitat

Figure 3 Linkages from the Fisheries Sector. The red lines are pressures
associated with the fisheries sector and the grey lines are pressures from other sectors
which affects the salt marshes habitat
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Figure 4 Linkages from the Fisheries Sector. The red lines are pressures
associated with the fisheries sector and the grey lines are pressures from other
sectors which affects the seagrass habitat

3.3.2 Pressures from the Agricultural sector
The greatest pressure from the agricultural sector according to the pressure
assessment was pollution from runoff of fertilizers, and improper disposal of wastes
like non-synthetic discharges, nitrogenous and phosphorus waste. The effects were
severe on the blue carbon habitat (Mangroves, saltmarshes, and Seagrass meadow)
having 9 links impacted by the pressures. Farmers often use nitrogenous chemicals,
and runoff containing pollutants on the habitats mainly from water management
upstream, indiscriminate fishing, and aquaculture activities as shown in Figures 5, 6,
and 7.
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Figure 5. Linkages from the Agriculture sectors. The dark grey lines are pressures
associated with Agriculture sector and the light grey lines are pressures from other
sectors which affects the mangroves habitat

Figure 6. Linkages from the Agriculture sectors. The dark grey lines are pressures
associated with Agriculture sector and the light grey lines are pressures from other
sectors which affects the salt marshes habitat
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Figure 7. Linkages from the Agriculture sectors. The dark grey lines are pressures
associated with Agriculture sector and the light grey lines are pressures from other
sectors which affects the seagrass habitat

3.3.3 Pressures from the Shipping Sector
Mangrove forests and other coastal habitats are distributed along coastlines where
ships plied periodically. Pressure from the ships like litters, synthetic compounds,
current charges, abrasion, and discharge of synthetic and non-synthetic compounds
affect the salinity of the habitats. Emissions from the shipping equipment like oxidized
iron reduced forms of carbon (CO2, CO, CH4), and nitrogen (NO2, NO, N2O4, NH3,
NH4+) are the significant pressures that affect the habitats. Thus limiting the seedling
growth and reproduction of mangrove trees as shown in Figures 8. 9 and 10.
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Figure 8. Linkages from the Shipping sector. The pink lines are pressures associated
with the Shipping sector and the grey lines are pressures from other sectors which
affects the mangroves habitat.

Figure 9. Linkages from the Shipping sector. The pink lines are pressures associated
with the Shipping sector and the grey lines are pressures from other sectors which
affects the salt marshes habitat.
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Figure 10. Linkages from the Shipping sector. The pink lines are pressures
associated with the Shipping sector; the grey lines are pressures from other sectors
which affects the seagrass habitat

3.3.4 Pressures from Oil and Gas Exploration
It is noted from the pressure assessment that 15 links were attributed to oil spill
causes physical suffocation and toxicological impacts to the blue carbon habitat. The
oil spill causes an inhabiting gaseous exchange with the roots of the mangrove, thereby
causing the root to die. These pressures extracted are complicated by, organic matter,
thermal regime, nitrogenous and phosphorus resources, and PH changes as shown in
Figures11, 12, and 13.

42

Figure 11. Linkages from the Oil and Gas Exploration. The green lines are pressures
associated with the Oil and Gas Sector; the grey lines are pressures from other sectors
which afftects the mangroves habitat.
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Figure 12. Linkages from the Oil and Gas Exploration. The green lines are pressures
associated with the Oil and Gas Sector; the grey lines are pressures from other sectors
which affects the salt marshes habitat.

Figure 13. Linkages from the Oil and Gas Exploration. The green lines are pressures
associated with the Oil and Gas Sector; the grey lines are pressures from other sectors
which affects the seagrass habitats

3.4

Pressure Impact Rank

Pressures were identified as they impact the ecological components (mangroves, tidal
and salt marshes, and seagrasses). The following pressures in Table 8 were identified
from different sectors including natural threats and anthropogenic pressure coming
from the fisheries, shipping, agriculture, and oil and gas sectors. Based on the pressure
assessment, twenty significant pressures were identified. Table 8, indicates Abrasion,
Invasive Species, Nitrogen and Phosphorus and Litter, all associated with Oil and Gas
Exploration as well as Shipping have the highest average Total Risk (AvgIR) Score
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and rank on the ecosystem. Whereas using the Sum of the Total Risk places Litter and
Invasive Species as the highest risk sector. The least average (AvgIR) and summed
Total risk indicate bycatch associated with Fisheries.
Table 8. Top Pressure according to averaged (AvgIR) and summed Total Risk
(SumIR) scores
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Figure 14. Box plot for the Propositional connectance, Impact Risk, and Impact Rank
of each ecosystem component. The black vertical lines on the boxplots indicate the
median values.
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3.5 Sectoral Activities
When looking at the sectors that impact mostly on the blue carbon habitat, oil, and gas,
shipping and fisheries have higher proportional connectance, impact risk, and impact
rank. The Impact Risk score as shown in the box plots and pressure table demonstrate
oil and gas, as having a high proportional connectance with the blue carbon habitat,
see Figure 14. The proportional connectance is calculated as the number of linkages
associated with the sector, divided by the total number of linkages in the ecosystem.
The box plot in Figure 14 shows that pressure from the oil and gas sector is very high
with much impact on the ecosystem component. The Pressure was much higher on all
the components, specifically the discharge of nitrogenous substances and nonsynthetic compounds. The main pollutants are represented by gases forms and particle
suspension in the ocean. Heavy metals with toxic effects are also high on salt marshes
from oil and gas exploration. The highest risk sector was represented in the sector
ranking table.
According to the ranking, nearly all sectors cause at least severe pressures that will
impact the blue carbon habitat. Based on the corresponding different sectors, Shipping
and Oil and Gas Exploration has the highest average impact risk and Impact rank
indicating (0.19 and 0.15) and (6.46 and 8.74) respectively (see Table 9). These
sectoral activities generate more pressures mostly affecting the blue carbon
ecosystem.
Table 9. Sectoral Pressure Impact Rank
S/N

Sector

RankAverage

AvgIR

RankSum

SumIR

1

Shipping

1

0.19

2

6.46

2

Oil and Gas Exploration

2

0.15

1

8.74

3

Agriculture

3

0.07

4

1.85

4

Fisheries

4

0.06

3

2.40
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3.6

Ecosystems Components

Blue carbon habitat like mangroves, seagrass, and salt marshes are the ecological
components mostly affected by pressure from sectoral activities. Mangroves had the
highest average and summed Total Risk scores. Whereas salt marshes also have a
higher ranking. The ecological components are arranged in order of the total risk
ranking in Table 10.

Table 10. Ecosystem Pressure Impact Rank
S/N

Blue carbon

RankAverage

AvgIR

RankSum

SumIR

habitat
1

Seagrass

1

0.12

1

6.07

2

Saltmarshes

2

0.11

2

6.40

3

Mangroves

3

0.13

3

6.98

4.0 Discussion
4.1

Rising matters during the Interview

Sectors that were reported causing pressures on the ecosystem are oil and gas,
agriculture, shipping, and fisheries sectors. Assessing pressure from these sectors on
ecosystem habitats was based on a simple semi-quantitative approach. All the experts
interviewed revealed that the blue carbon habitat are exposed to threats that result in
loss and degradation. We gather qualitative data revealing how fisheries, oil, and gas,
agriculture and shipping sectors contribute to the threats to the coastal ecosystems and
how land-use changes affect the mangroves due to development and their conversion
for domestic use. Threats to blue carbon habitat in Nigeria are high from illegal and
unsustainable forest practices, illegal dumping of waste, cutting of mangroves,
changes in land use, and indiscriminate fishing practices.
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While the study identified the biggest threat to mangroves as irresponsible fishing and
aquaculture coming from the fisheries and agriculture sectors, urban encroachment
also poses a serious threat to the delicate ecosystem. The interview focused on expert
opinion about the benefits nature the blue carbon habitat provide to humans. The
results also produced a pressured matrix that sensibly reflects the expert judgment on
the activities happening within the ecosystem region. Furthermore, the qualitative
process facilitates further studies to be carried out, though the interview process
revealed evidence base management gaps in the ecosystem management. Considering
all forms of information from the experts, the study identified top sectors and pressures
and identified how they are affecting the ecosystem. The interviews expressed the key
point that helped to identify management strategies for the conservation of blue carbon
habitat. Experts' resolution could also help in the future planning process.

The qualitative interview process can be adjusted to answer all the specific questions
that were raised in this study, as interesting discussions were involved, and in some
cases, it was a little bit difficult to identify all the threats to the ecosystem from the
sectors as limited data were used. The pressure assessment went well as some of the
questions that came up during the workshop were not difficult for the experts to decide
as they are aware there are threats to the ecosystem. However, the result might have
gone so well if many experts were consulted face to face. This will ensure full
participation. The process was affected by the inference of COVID pandemic
protocols. There was also internet disruptions as most of the interview and workshop
were conducted via Zoom online in Nigeria.

4.2 Semi-Quantitative Analysis and ODEMM Adaptability in Future EBM
Studies
ODEMM proved to be a flexible method of assessing threats to the ecosystem using
experts’ knowledge. The method is more openly accessible, although it involves a
more rigorous approach. The approach is a semi-quantitative analysis method which
made it possible to have much more information than simple options. The ODEMM
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pressure assessment is a relatively simple exercise, even with insufficient data, the
assessment ensures that no areas are overlooked, thus suggesting it can truly be used
as an integrated assessment, and serving as a gaps analysis for future work. To
investigate sectoral activities affecting the ecosystem using the pressure assessment,
specific ecosystems that are under threat were checked as demonstrated in the pressure
table.

Moreover, based on the result of the pressure assessment, pressure from the oil and
gas sectors is detrimental to the survival of the marine ecosystem especially the
mangroves ecosystem. A significant amount of crude oil is discharged into coastal
environments affecting the submerged roots of the mangrove. According to the
Ecosystem Pressure assessment, the degree of impact or magnitude scores as outlined
in the result section is high with a 0.13 AvgIR impact ranking from the oil and gas
sectors. These cause damage to the mangroves.

The pressure on Salt Marshes and Seagrass are also high with 0.12 AvgIR and 0.11
AvgIR respectively according to the scale of measurement used. However, the
assessment and the empirical study did not reveal how the pressure will cause
immediate changes in the ecosystem characteristics. This is an important result as it
was expected. Similar studies that employed the ODEMM approach corroborated the
result in a different environment. However, this identified that the oil and gas sectors
followed by the fisheries sector contributes to the highest source of pressures on the
marine ecosystem, (Pedeschi et al., 2019), confirmed that the fishing sector produces
the highest source of pressures.

4.3 The Use of ODEMM as EBM Assessment Methodology
Implementing the ODEMM process was intense, however, despite the short time
window with a consortium of 7 experts involved in the ODEMM pressure assessment
quantitative exercise, it helped to gather qualitative data and quality discussions were
more involved. The approach suggests that pragmatic decisions have to be made to
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protect the ecosystem. The ODEMM tool provides an assessment methodology that
was used to track sector–pressure – ecological characteristic pressure pathways (also
known as ‘linkage framework). The assessments conducted with the ODEMM process
assess threats as present in the existing literature. Although the study used limited data
and as such future studies require updating with more data.

From the analysis of the ODEMM and the pressure assessment, the following
important result was noted, however, there are extant gaps from the literature:

1) Blue

carbon

habitat

are

mainly

destroyed

by

terrestrial

or

physical disturbances, the activities of the oil industry, and agriculture have
often resulted in a multitude of threats.

2) The planning strategies towards the protection and conservation of the
ecosystem's natural resources have been under-reported in the literature.

3) Apart from human activities causing loss of habitat: Climate change is another
greatest threat to biodiversity, however, climate change was not included in the
ODEMM ecosystem risk assessments. In similar studies, climate change was
considered as an explicit pressure that will most likely have effects on other
pressures and ecological characteristics that are being assessed, there might be
difficulty in its specific management action. Meanwhile, featuring it in the
ODEMM assessment would have made it a sector, but it would not adequately
reflect its interactive effects with other pressures. This limitation of the
ODEMM approach was noticed. Summaries of the study were given in the next
section.

51

5.0 Conclusion

Based on the evidence collected from experts and the interview analysis, the blue
carbon habitat may have some more benefits especially if they are being maintained
and properly managed. For instance, it is evidence that the Mangrove forests not only
sequester carbon, they also provide coastal and biodiversity protection. The Blue
carbon habitat was validated to enhance fisheries and reduce turbidity in the Niger
Delta area of Nigeria. Discussions of blue carbon may go beyond carbon sequestration,
shoreline protection, and water quality as it was evident from the interview. They
provide sufficient estimated capital, thus the majority of carbon emissions could be
avoided at a lesser cost.

Based on the study, West Africa and Nigeria have policy-related issues regarding the
conservation of Blue carbon habitat, thus adequate mechanisms for financing blue
carbon activities were lacking as there seem to be less strong and immediate
management projections for the restoration of the Blue carbon habitat. This study
might be necessary for dealing with blue carbon activities including threats and
management options. Although the Blue Carbon Habitats are prone to disturbance
from tropical storms, there are no visible or existing standard policy mechanisms that
have been made to protect the Blue carbon habitat locally. Few countries in West
Africa have developed a blue carbon restoration policy to reduce deforestation and
carbon emissions.

In terms of pressure from sectors, nearly all sectors that were identified in the ODEMM
workshop cause pressures that impact the blue carbon habitat negatively. Shipping and
Oil and Gas Exploration have the highest pressure on the Blue carbon habitat. Among
the significant pressures identified are Abrasion, Invasive Species, Nitrogen and
Phosphorus, and Litter. Most of these pressures are associated with oil and gas
exploration and shipping. Natural occurrence can also impact the Blue carbon habitat;
however, the habitat can recover if not compounded by human activities.
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The significance of Blue carbon habitat conservation is evident in several studies,
protecting and restoring them will ensure that nature continues to absorb excess carbon
from the atmosphere. The ODEMM workshop was an important exercise to identify
and trace the pressure to their respective sectors and form linkages to the Blue carbon
habitat. Overall, pressures from sectors and human activities are estimated to be
responsible for most of the threat to Blue carbon habitat. The degree of impact and
magnitude scores as outlined in the result section shows that the pressure is high with
a 0.13 AvgIR impact ranking from the oil and gas sectors. The direct effect is on the
mangroves. While pressure on Salt Marshes and Seagrass are also high with 0.12
AvgIR and 0.11 AvgIR respectively. It is likely certain that without an adequate
restoration plan, threats to the Blue carbon habitat will continue to increase as the
magnitude of the current pressure increases based on the ODEMM tool that was used
to provide an assessment methodology and also used to track sector, pressure, and
ecological characteristic pressure pathways (also known as ‘linkage framework),
threats are continuing as long as the pressure continues.

In all, the study unveiled threats on the Blue carbon habitat as well as the implication
for ecosystem-based management by combining two very different methodological
approaches, thus the approaches complement each other i.e. Semi structure interview
and the ODEMM expert informed approach. The study used expert opinion scores as
collected during the ODEMM workshop to develop visualizations of ecosystem
linkages and the use of the R script gave a clear linkage framework.

The ODEMM approach is a complex one to implement even though it yielded an
interesting linkage framework, the development can be enhanced as only a few studies
reported the use of the ODEMM approach. The results of the workshop revealed a
widespread impact of the oil industry on the ecosystem components as supported by
similar ODEMM studies. This study will help stakeholders to understand the
ecosystems better and give some recommendations to help deal with the threats more
effectively.
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5.1

Recommendations

There are pressures from sectors that are most likely to pose continuous threats to the
Blue carbon habitat with the existing human use of the marine environment.
Considering the ecological state and ecosystem services, the mangroves have been
adversely affected by sectoral and human activities. Sectoral activities like the oil and
gas sectors, fisheries, shipping and agriculture activities are pressurizing the ecosystem
directly or indirectly. Though the Blue carbon habitat can also be disturbed by natural
activities, they could recover quickly if left unpressurized by human activities.

To address some of the challenges and minimize pressure on the ecosystem, better
information on the implication and ecosystem-based management need to be
communicated to the local and services sectors, thus with strict policy responses
regarding Blue carbon habitat and biodiversity conservation. This includes competent
authorities, legislation, and an adequate planning system. Tracking and regulating
pressure from Oil and gas, fisheries, agriculture, and shipping sectors can be tasking,
however, numerous projects are attempting to restore Blue carbon habitat by
regulating the discharge of synthetic compounds from the oil and gas sectors and
regulating overfishing activities from the agriculture and fishing sectors. Majorly,
where these sectors operate need adequate monitoring, blue planning education for
communities, industrial managers, and the public in the coastal areas.
5.2 The Development of the ODEMM
The pressure assessment was developed acknowledging the expert opinions and data
collected during the workshop leads to an immense experience. Building on this with
an elaborate operational process can create, appraise ODEMM as an EBM tool to
undertake a rapid assessment of the state of policy objectives. However, there are an
extremely complex array of factors that need to be considered to meet key needs in
implementing EBM. The ODEMM proved resourceful and accompanied by a series
of resources that can help support decision-makers. There are still governance
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complexity surrounding the approach and limited data. Therefore, understanding
relevant governance settings and enough data will form a robust linkage framework
that will identify all relevant interactions between blue carbon habitat, human
activities, or pressure from sectors.

It is important to state that the ODEMM approach as used in this study provided a
solid evidence base that will inform decision-makers and allow them to make tradeoffs with the necessary information available.

For future studies, the ODEMM tools can be improved and built on to identify and
elaborate stakeholder opinions and set in rich data. Future research can work within a
fully integrated ecosystem assessment framework because eco-system-based
management should be holistic in terms of evaluation and rich data. Based on the
available data, the ODEMM approach was able to prioritize the sectors with their
corresponding pressures on the ecological components where threats to them pose the
greatest risks. Future studies might adopt repeatable analyses to work in both datapoor situations and data-rich environments to provide more robust frameworks for
better EBM models in different regional contexts.

55

References

Alongi, D. M. (2012). Carbon sequestration in mangrove forests. Carbon
Management, 3(3), 313–322. https://doi.org/10.4155/cmt.12.20
Benson, A. (2021). Blue Carbon Ecosystems: Sources, Threats and Implications for
Climate change in the Niger Delta Region, Nigeria. International Journal of
Scientific
and
Research
Publications
(IJSRP), 11(3),
511–522.
https://doi.org/10.29322/ijsrp.11.03.2021.p11173
Bertram, C., Quaas, M., Reusch, T. B. H., Vafeidis, A. T., Wolff, C., & Rickels, W.
(2021). The blue carbon wealth of nations. Nature Climate Change, 1–6.
https://doi.org/10.1038/s41558-021-01089-4
Böhnke-Henrichs, A., Baulcomb, C., Koss, R., Hussain, S. S., & de Groot, R. S. (2013).
Typology and indicators of ecosystem services for marine spatial planning and
management. Journal
of
Environmental
Management, 130,
135–145.
https://doi.org/10.1016/j.jenvman.2013.08.027
Bryan, T., Virdin, J., Vegh, T., Kot, C. Y., Cleary, J., & Halpin, P. N. (2020). Blue
carbon conservation in West Africa: a first assessment of feasibility. Journal of
Coastal Conservation, 24(1). https://doi.org/10.1007/s11852-019-00722-x
Chima, U., & Larinde, S. (2016). Deforestation and degradation of mangroves in the
Niger Delta Region of Nigeria: Implications in a Changing Climate. Paper
presented at the 38th Annual Conference of the Forestry Association of Nigeria.
https://www.researchgate.net/publication/299285693
Costa, A. C. P., Garcia, T. M., Paiva, B. P., Ximenes Neto, A. R., & Soares, M. de O.
(2020). Seagrass and rhodolith beds are important seascapes for the development
of fish eggs and larvae in tropical coastal areas. Marine Environmental
Research, 161, 105064. https://doi.org/10.1016/j.marenvres.2020.105064
Craig, R. K. (2004). Protecting international marine biodiversity: international treaties
and national systems of marine protected areas. J. Land Use & Envtl. L., 20, 333.
Di Vaio, A., Varriale, L., & Trujillo, L. (2019). Management Control Systems in port
waste management: Evidence from Italy. Utilities Policy, 56, 127–135.
https://doi.org/10.1016/j.jup.2018.12.001
Dicen, G. P., Navarrete, I. A., Rallos, R. V., Salmo, S. G., & Garcia, M. C. A. (2018).
The role of reactive iron in long-term carbon sequestration in mangrove
sediments. Journal
of
Soils
and
Sediments, 19(1),
501–510.
https://doi.org/10.1007/s11368-018-2051-y

56

Duarte, C. M., Kennedy, H., Marbà, N., & Hendriks, I. (2013). Assessing the capacity
of seagrass meadows for carbon burial: current limitations and future strategies.
Ocean & Coastal Management, 83, 32-38.
Edwards, P. E. T., Sutton-Grier, A. E., & Coyle, G. E. (2013). Investing in nature:
Restoring coastal habitat blue infrastructure and green job creation. Marine
Policy, 38, 65–71. https://doi.org/10.1016/j.marpol.2012.05.020
Elekwachi, W., Nwankwoala Hycienth, O., Ocheje Johnmark, F., & Onyishi, C. J.
(2009). Oil spill incidents and wetlands loss in Niger Delta: Implication for
sustainable development goals. International Journal of Environment and
Pollution Research, 7(1), 1-20.
Elliott, V. (2018). Thinking about the Coding Process in Qualitative Data Analysis. The
Qualitative Report, 23(11). https://doi.org/10.46743/2160-3715/2018.3560
Espinoza-Tenorio, A., Millán-Vásquez, N. I., Vite-García, N., & Alcalá-Moya, G.
(2019). People and Blue Carbon: Conservation and Settlements in the Mangrove
Forests
of
Mexico. Human
Ecology, 47(6),
877–892.
https://doi.org/10.1007/s10745-019-00123-6
Ezenwaka, J., & Graves, A. (2014). Ecosystem Services of the Niger Delta Forests,
Nigeria. Journal of Agriculture and Social Research (JASR), 14(1), 37-56.
Fletcher, W., & Bianchi, G. (2014). The FAO–EAF toolbox: Making the ecosystem
approach accessible to all fisheries. Ocean & Coastal Management, 90, 20-26.
Flick, U. (2018). Triangulation in data collection. The SAGE handbook of qualitative
data collection, 527-544.
Friess, D. A., Rogers, K., Lovelock, C. E., Krauss, K. W., Hamilton, S. E., Lee, S. Y.,
Lucas, R., Primavera, J., Rajkaran, A., & Shi, S. (2019). The State of the World’s
Mangrove Forests: Past, Present, and Future. Annual Review of Environment and
Resources, 44(1), 89–115. https://doi.org/10.1146/annurev-environ-101718033302
Gilbert, N. (2012). One-third of our greenhouse gas emissions come from
agriculture. Nature. https://doi.org/10.1038/nature.2012.11708
Ghosh, S., Chatterjee, S., Prasad, G. S., & Pal, P. (2020). Effect of Climate Change on
Aquatic Ecosystem and Production of Fisheries. In Inland Waters-Dynamics and
Ecology: IntechOpen.
Greiner, J. T., McGlathery, K. J., Gunnell, J., & McKee, B. A. (2013). Seagrass
restoration enhances “blue carbon” sequestration in coastal waters. PLoS ONE,
8(8), e72469.

57

Hejnowicz, A. P., Kennedy, H., Rudd, M. A., & Huxham, M. R. (2015). Harnessing the
climate mitigation, conservation and poverty alleviation potential of seagrasses:
prospects for developing blue carbon initiatives and payment for ecosystem
service
programmes. Frontiers
in
Marine
Science, 2.
https://doi.org/10.3389/fmars.2015.00032
Himes-Cornell, A., Pendleton, L., & Atiyah, P. (2018). Valuing ecosystem services from
blue forests: A systematic review of the valuation of salt marshes, sea grass beds
and
mangrove
forests. Ecosystem
Services, 30,
36–48.
https://doi.org/10.1016/j.ecoser.2018.01.006
Hiraishi, T., Krug, T., Tanabe, K., Srivastava, N., Baasansuren, J., Fukuda, M., &
Troxler, T. (2014). 2013 supplement to the 2006 IPCC guidelines for national
greenhouse gas inventories: Wetlands. IPCC, Switzerland.
Hollweck, T. (2016). Robert K. Yin. (2014). Case Study Research Design and Methods
(5th ed.). Thousand Oaks, CA: Sage. 282 pages. The Canadian Journal of Program
Evaluation, 30(1). https://doi.org/10.3138/cjpe.30.1.108
Huxham, M., Whitlock, D., Githaiga, M., & Dencer-Brown, A. (2018). Carbon in the
Coastal Seascape: How Interactions Between Mangrove Forests, Seagrass
Meadows and Tidal Marshes Influence Carbon Storage. Current Forestry
Reports, 4(2), 101–110. https://doi.org/10.1007/s40725-018-0077-4
Kelleway, J. J., Serrano, O., Baldock, J. A., Burgess, R., Cannard, T., Lavery, P. S.,
Lovelock, C. E., Macreadie, P. I., Masqué, P., Newnham, M., Saintilan, N., &
Steven, A. D. L. (2020). A national approach to greenhouse gas abatement through
blue carbon management. Global Environmental Change, 63, 102083.
https://doi.org/10.1016/j.gloenvcha.2020.102083
Knezevic, S. Z., Streibig, J. C., & Ritz, C. (2007). Utilizing R Software Package for
Dose-Response Studies: The Concept and Data Analysis. Weed
Technology, 21(3), 840–848. https://doi.org/10.1614/wt-06-161.1
Knights, A. M., Koss, R. S., & Robinson, L. A. (2013). Identifying common pressure
pathways from a complex network of human activities to support ecosystem-based
management. Ecological
Applications, 23(4),
755–765.
https://doi.org/10.1890/12-1137.1
Lindsey, R. (2020). Climate Change: Atmospheric Carbon Dioxide. Retrieved from
https://www.climate.gov/news-features/understanding-climate/climate-changeatmospheric-carbon-dioxide

58

Lovelock, C. E., & Duarte, C. M. (2019). Dimensions of Blue Carbon and emerging
perspectives. Biology
Letters, 15(3),
20180781.
https://doi.org/10.1098/rsbl.2018.0781
Lovelock, C. E., & Reef, R. (2020). Variable Impacts of Climate Change on Blue
Carbon. One Earth, 3(2), 195–211. https://doi.org/10.1016/j.oneear.2020.07.010
Luisetti, T., Jackson, E. L., & Turner, R. K. (2013). Valuing the European “coastal blue
carbon” storage benefit. Marine Pollution Bulletin, 71(1-2), 101–106.
https://doi.org/10.1016/j.marpolbul.2013.03.029
Marais, E. A., Jacob, D. J., Wecht, K., Lerot, C., Zhang, L., Yu, K., Kurosu, T. P.,
Chance, K., & Sauvage, B. (2014). Anthropogenic emissions in Nigeria and
implications for atmospheric ozone pollution: A view from space. Atmospheric
Environment, 99, 32–40. https://doi.org/10.1016/j.atmosenv.2014.09.055
Martin, A., Landis, E., Bryson, C., Lynaugh, S., Mongeau, A., & Lutz, S. (2016). Blue
carbon—nationally determined contributions inventory. Appendix to Coastal blue
carbon ecosystems. Opportunities for nationally determined contributions.
Arendal, Norway: GRID-Arendal. See https://gridarendal-website-live. s3.
amazonaws. com/production/documents/: s_ document/367/original/BlueCarbon-NDC-Appendix. pdf, 1505387683.
Mcleod, E., Chmura, G. L., Bouillon, S., Salm, R., Björk, M., Duarte, C. M., Lovelock,
C. E., Schlesinger, W. H., & Silliman, B. R. (2011). A blueprint for blue carbon:
toward an improved understanding of the role of vegetated coastal habitats in
sequestering CO2. Frontiers in Ecology and the Environment, 9(10), 552–560.
https://doi.org/10.1890/110004
Menéndez, P., Losada, I. J., Torres-Ortega, S., Narayan, S., & Beck, M. W. (2020). The
global flood protection benefits of mangroves. Scientific Reports, 10(1), 1-11.
Muñoz, J. M. B. (2020). Progress of coastal management in Latin America and the
Caribbean. Ocean & Coastal Management, 184, 105009.
NBSAP. (2020). NATIONAL BIODIVERSITY STRATEGY AND
NOAA. (2015). Mangroves and seagrass provide habitat for important commercial and
recreational species, help stabilize the seafloor, and filter pollutants
https://floridakeys.noaa.gov/plants/msbenefits.html
NOAA. (2021). NOAA National Centers for Environmental Information, State of the
Climate: Global Climate Report for April 2021 (Global Climate Report, Issue.
https://www.ncdc.noaa.gov/sotc/global/202104.

59

Nordhaus, I., Hadipudjana, F. A., Janssen, R., & Pamungkas, J. (2009). Spatio-temporal
variation of macrobenthic communities in the mangrove-fringed Segara Anakan
lagoon, Indonesia, affected by anthropogenic activities. Regional Environmental
Change, 9(4), 291–313. https://doi.org/10.1007/s10113-009-0097-5
Numbere, A. O. (2019). Mangrove Habitat Loss and the Need for the Establishment of
Conservation and Protected Areas in the Niger Delta, Nigeria. In Habitats of the
World-Biodiversity and Threats (pp. 13). IntechOpen.
Numbere, A. O. (2020). The Impact of Landscape Reclamation on Mangrove Forest and
Coastal Areas in the Niger Delta, Nigeria. In Landscape Reclamation-Rising From
What's Left. IntechOpen.
Onyena, A. P., & Sam, K. (2020). A review of the threat of oil exploitation to mangrove
ecosystem: Insights from Niger Delta, Nigeria. Global Ecology and Conservation,
22, e00961. https://doi.org/10.1016/j.gecco.2020.e00961
Pedreschi, D., Bouch, P., Moriarty, M., Nixon, E., Knights, A. M., & Reid, D. G. (2019).
Integrated ecosystem analysis in Irish waters; Providing the context for
ecosystem-based fisheries management. Fisheries Research, 209, 218–229.
https://doi.org/10.1016/j.fishres.2018.09.023
Primavera, J. H., Friess, D. A., Van Lavieren, H., & Lee, S. Y. (2019). The Mangrove
Ecosystem. World
Seas:
An
Environmental
Evaluation,
1–34.
https://doi.org/10.1016/b978-0-12-805052-1.00001-2
Quevedo, J. M. D., Uchiyama, Y., & Kohsaka, R. (2019). Perceptions of local
communities on mangrove forests, their services and management: implications
for Eco-DRR and blue carbon management for Eastern Samar,
Philippines. Journal
of
Forest
Research, 25(1),
1–11.
https://doi.org/10.1080/13416979.2019.1696441
Quintana-Alcantara, C. E. (2014). Carbon Sequestration in Tidal Salt Marshes and
Mangrove Ecosystems.
Raakjær, J., & van Tatenhove, J. (2014). Marine governance of European Seas:
Introduction. Marine
Policy, 50,
323–324.
https://doi.org/10.1016/j.marpol.2014.03.003
R Core Team (2021). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/.

60

Reid, K. (2019). Commission for the conservation of Antarctic marine living resources
(CCAMLR): implementation of conservation of southern ocean marine living
resources. In Governing Marine Living Resources in the Polar Regions. Edward
Elgar Publishing.
Robinson, L., Culhane, F., Baulcomb, C., Bloomfield, H., Boehnke-Henrichs, A., Breen,
P., . . . Piet, G. (2014). Towards delivering ecosystem-based marine management:
The ODEMM approach. In Deliverable 17, EC FP7 Project (244273): ‘Options
for Delivering Ecosystem-based Marine Management.
Sahu, S. C., Suresh, H., Murthy, I., & Ravindranath, N. (2015). Mangrove area
assessment in India: implications of loss of mangroves. Journal of Earth Science
& Climatic Change, 6(5), 1.
Salihoğlu, B. (2013). Options for Delivering Ecosystem-Based Marine Management
(ODEMM).
Shi-lun, Y., & Ji-yu, C. (1995). Coastal salt marshes and mangrove swamps in China.
Chinese Journal of Oceanology and Limnology, 13(4), 318-324.
Sidik, F., Fernanda Adame, M., & Lovelock, C. E. (2019). Carbon sequestration and
fluxes of restored mangroves in abandoned aquaculture ponds. Journal of the
Indian
Ocean
Region, 15(2),
177–192.
https://doi.org/10.1080/19480881.2019.1605659
Taillardat, P., Friess, D. A., & Lupascu, M. (2018). Mangrove blue carbon strategies for
climate change mitigation are most effective at the national scale. Biology
Letters, 14(10), 20180251. https://doi.org/10.1098/rsbl.2018.0251
Thérivel, R., & González, A. (2021). Strategic environmental assessment effectiveness.
In Handbook on Strategic Environmental Assessment. Edward Elgar Publishing.
Thornton, P. K., Ericksen, P. J., Herrero, M., & Challinor, A. J. (2014). Climate variability
and vulnerability to climate change: a review. Global Change Biology, 20(11),
3313–3328. https://doi.org/10.1111/gcb.12581
UNEP. (2019). ENFORCEMENT OF ENVIRONMENTAL LAW: GOOD
PRACTICES FROM AFRICA AND ASIA (United Nations Environment
Programme
and
China,
Issue.
https://wedocs.unep.org/bitstream/handle/20.500.11822/22310/enforcement_env
_law_africa.pdf?sequence=1&isAllowed=y
White, L., Koss, R., Knights, A., Eriksson, A., & Robinson, L. (2013). ODEMM linkage
framework userguide (Version 2). ODEMM Guidance Document Series(3), 14.

61

Wang, P., Numbere, A. O., & Camilo, G. R. (2016). Long-Term Changes in Mangrove
Landscape of the Niger River Delta, Nigeria. American Journal of Environmental
Sciences, 12(3), 248–259. https://doi.org/10.3844/ajessp.2016.248.259
Yin, R. K. (2017). Case study research and applications: Design and methods: Sage
publications.

62

APPENDIX A: INTERVIEW QUESTIONS

Semi-Structured Interview Questions
SECTION A: DEMOGRAPHIC PROFILE
Organisation:
Area of Expertise:
Years of Experience:
SECTION B: INTERVIEW QUESTIONS

Topic: Blue Carbon Marine Habitats in Nigeria: Ecosystem Services, Threats
and Implication for Ecosystem-Based Management
1. What human activities are happening in the mapped areas for mangrove, salt
marsh, and seagrass (i.e. blue carbon habitat)?
2. How does your sector (fisheries, Agriculture, Shipping) or community benefit
from mangrove, salt marsh, or seagrass areas (i.e. blue carbon habitat) in
Nigeria
3. Are you aware of any human activities that interfere with the benefits you
receive from these habitats?
4. Are you aware of any sector or community that is planning any restoration
activities on these habitats and locations in the future? What are the sectoral
plans?
5. How can an ODEMM conceptual model help to support an understanding of
links between sectors, human activities, pressures and blue carbon ecosystem
components in Nigeria?
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6. Is there something you would like to comment on that is important for this
research topic that we didn’t get a chance to discuss?
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APPENDIX B:

CONSENT FORM
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APPENDIX: C Linkage Framework - Sector and Pressure (Insert X in each box where Sectors create Pressure)
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APPENDIX: D Linkage Framework - Pressure and Habitats (Insert X in each box where pressure have an impact on the
habitats)
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APPENDIX: E: ODEMM Pressure Assessment Template
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APPENDIX: F Scoring Categories
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